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Section 1 ï Introduction to Density Concepts 
 

Definition of Density 

 

Soil consists of three components: solid particles, air, and water.  In engineering 

applications involving soils, air and water are collectively referred to as voids.  In a given 

amount of soil, the solid particles and the voids occupy a certain amount of space, or 

volume.  Therefore, the volume of a soil mass is the sum of the volume of the solids and 

the volume of the voids. 

 

The term density has varied meanings in different fields of sciences.  For our specific 

field of study (i.e., the engineering aspect of soils), we will use weight density, which is 

defined as weight per unit volume (in English units, weight density can have units of 

pounds per cubic foot).  For brevity, the term ñdensityò will refer to weight density unless 

otherwise specified.  Mathematically, the density of soil is obtained as follows: 

 

   Density = (Ws + Wa + Ww) / (Vs + Va + Vw) 

where  

Ws = weight of solids 

Wa = weight of air 

Ww = weight of water 

Vs = volume of solids 

Va = volume of air 

Vw  = volume of water 
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The weight of air is negligible compared to the weight of water and solids, and for all 

practical purposes, can be ignored.  The volume it occupies, however, is significant.  

Therefore, for soils engineering purposes, the following mathematical definition of 

density is acceptable and generally used: 

 

Density = (Ws + Ww) / (Vs + Va + Vw) 

 

It can be noted that water can be present or absent (a completely dry soil).  For 

engineering purposes, a distinction is made between the two values of density with and 

without water present.  Wet density is the density of the soil mass, including the moisture 

(or water) contained in the void spaces.  Dry density is the density of the soil mass 

without the moisture. 

 

When water is present, the quantity of water relative to the quantity of solids is defined 

mathematically as its moisture content.  Moisture content can be expressed as follows: 

 

   Moisture content = Ww / Ws 

 

The dry density of a soil mass is what affects its important engineering properties, such as 

strength, permeability, and compressibility.  From an engineering standpoint, we would 

like to increase the strength, and decrease permeability and compressibility of a soil 

mass, and these are achieved by increasing dry density. 

 

Definition of Compaction and Optimum Moisture 

 

Compaction is the process by which a soil mass is subjected to compressive forces (in the 

form of static weights, vibration, blows from heavy objects, or a combination of some or 

all of these) for the purpose of decreasing the volume of voids, thereby increasing the dry 

density.  Decreasing the volume of voids would mean decreasing the volume occupied by 

air and water.  Water is incompressible, meaning the volume occupied by a given 

quantity of water cannot be reduced further.  However, air is compressible, and in 

applying compactive effort to a soil mass, it is air whose volume is reduced. 

 

It is an established fact that the amount of water in the soil mass affects how well the air 

in the same soil mass is squeezed out or compressed.  Water acts as a lubricant that 

allows soil particles to be rearranged during the compaction process.  Too little water 

means too little ñlubricationò of the soil particles.  However, too much water is also a 

hindrance to squeezing out or compressing the air, because the water will tend to absorb 

the energy from the compactive forces.  Between having too much and having too little 

water, there is a quantity of water that will allow the compactive forces to result in the 

maximum possible dry density.  This quantity of water is expressed in terms of the 

moisture content and is referred to as the soilôs optimum moisture content. 

 

For a particular soil, the optimum moisture is defined as the moisture content at which a 

soil can be compacted to its maximum dry density with a given compactive effort. 
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Standardized Tests for Determining Maximum Dry Density 
 

In the definition of optimum moisture, it should be noted that the maximum dry density 

obtained is for a specific compactive effort.  Standardized tests for determining maximum 

dry density involves varying the moisture content of a soil mass, subjecting the soil mass 

to a specific compactive effort (which remains the same for the test), and keeping track of 

the resulting values of dry density.  The result is a correlation between moisture content 

and dry density, which can be plotted.  The maximum dry density can then be obtained. 

 

Examples of standardized tests that will be used for our purposes are AASHTO T 99 and 

AASHTO T 180.  These tests (with some NCDOT modifications) are used to establish 

the maximum dry density of a given soil mass. 
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Section 2 ï Density Specifications 
 

Inspection of Earthwork, Subgrade and Bases on a Construction Project 

 

When inspecting a construction project, a technician must understand the plans, 

specifications, and any project special provisions.  The NCDOT Construction Manual can 

also provide guidance when inspecting soils related items on a project, a technician 

should become familiar with Divisions listed in the following table: 

 

Classification Reference Division 

Earthwork Division 2 

Subgrade and Bases Division 5 
Table 1 Related Reference Divisions for NCDOT Construction Manual 
 

The Goal of Field Density Tests 

 

Field density tests are conducted to indicate if the material being compacted has attained 

a minimum acceptable value of dry density.  This minimum acceptable value is expressed 

as a percentage of the maximum dry density as determined by a standardized test in 

which the material is subjected to a predetermined compaction effort.  For example, if the 

test to determine maximum dry density is AASTHO T 99, the density requirement can be 

expressed as follows: 

 

ñThe material shall be compacted to at least 95% of the maximum dry density as 

determined by AASHTO T 99 as modified by the Department.ò 

 

In the above example, the quantity represented by 95% is what is referred to as percent 

compaction.  Mathematically, percent compaction is the ratio of the in-place dry density 

of the compacted soil (gin-place) to the maximum dry density as determined by standardized 

tests (gmax).  That is, 

 

   Percent compaction = (gin-place) / (gmax) 

 

The tests discussed in the sections to follow are aimed towards determining gin-place, gmax, 

or the ratio itself directly. 
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Classification of Materials 

 

The testing frequency and density requirements of soil depend on its classification in 

terms of how it is constructed.  These classifications and reference section number from 

the NCDOT Standard Specifications for Roads and Structures are listed in the following 

table (when inspecting a project, the technician should review these sections if soil or 

aggregate is being utilized in the construction process): 

 
Classification Reference Section 

Embankment Section 235 

Subgrade Section 500 

Aggregate Stabilized Subgrade Section 510 

Chemically-treated Subgrade Section 501 (lime) Section 542 (cement) 

Aggregate Base Course (ABC) Section 520 

Cement-treated Base Course (CTBC) Section 540 
Table 2 Related Reference Section for NCDOT Standard Specifications for Roads and Structures 

 

In general, embankment refers to any layer placed below the subgrade.  The subgrade is 

usually 8-inches thick and refers to the portion of the roadbed prepared as a foundation 

for the pavement structure (including the curb and gutter). Base Course refers to a layer 

of planned thickness placed immediately below the pavement or surface course. 

 

Testing Frequency Requirements 

 

The frequency with which a compacted material is checked for density (that is, percent 

compaction) depends on its classification.  The Department requires the following testing 

frequencies: 

 

¶ Embankments ï one test every 5,000 yd3 (4,000 m3) or fraction thereof.  Since 

problems can develop as an embankment is being constructed a technician, 

should not wait until several layers have been placed to perform a density test.  

Therefore, the Department recommends the technician should perform a 

density test on every other lift of an embankment as it is being constructed.  

NOTE: If an embankment contains rock the technician should attempt to 

perform a density test using the methods described in Section 3 of this manual 

(Test 1-A, 1, or 2).  However, if an area cannot be tested successfully, a note 

is made on the density report (M&T Form 504) that states ñToo rocky to runò.   

Exempt (do not perform) density tests from rock embankments (constructed 

with larger rock boulders or broken pavement) or ñrock-liftsò, which cannot 

be tested by approved methods.  If a rock-lift is being placed indicate by 

placing a note on the density report (M&T Form 504) ñRock-liftò. 

¶ Subgrade ï one test every 1,000 linear feet for roads up to 28 feet (8.5 meter) 

in width; for roads greater than 28 feet in width, one test every 3,000 yd2 

(2,500 m2). 

¶ Chemically Treated Subgrade (Lime or Cement) ï Refer to page 10 

¶ ABC and CTBC ï same as subgrade except when there are separate shoulders, 

in which case take one test every 2,000 linear feet (600 meters). 
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Density Requirements 

 

The Department has the following density requirements for the various materials: 

 

¶ Embankment - compacted to at least 95% of the maximum dry density as 

determined by AASHTO T 99 as modified by the Department. 

¶ Subgrade - compacted to at least 100% of the maximum dry density as 

determined by AASHTO T 99 as modified by the Department. 

¶ Chemically treated subgrade (lime or cement) - compacted to at least 97% of 

the maximum dry density as determined by AASHTO T 99 as modified by the 

Department. 

¶ Aggregate-stabilized subgrade - compacted to at least 100% of the maximum 

dry density as determined by AASHTO T 99 as modified by the Department. 

¶ Aggregate Base Course (ABC) - compacted to at least 100% of the maximum 

dry density as determined by AASHTO T 180 as modified by the Department. 

¶ Cement-treated Base Course (CTBC) - compacted to at least 97% of the 

maximum dry density as determined by AASHTO T 180 as modified by the 

Department. 

 

Chemical Stabilization 

 

When designing a road, the Engineer must consider vehicle loads supported by the 

pavement structure.  Obviously, these loads are transferred through the pavement 

structure into the supporting soils.  Due to the various types of soils in North Carolina, 

the Engineer may decide that it is economically necessary to chemically stabilize the 

subgrade in order to provide the required strength for supporting the roadway.  

Depending on the type of soil, lime or cement is generally added to stabilize a subgrade. 

 

When adding cement or lime, moisture control is critical to ensure proper hydration.  

Without proper hydration the chemically stabilized section may not achieve the required 

design strength and possibly lead to structural failure.  Materials and Tests and 

Geotechnical Engineering Units recommend the following procedures for monitoring 

chemically stabilized sections for density acceptance and proper moisture control.  The 

procedures and equipment required for monitoring soil densities are similar to those for 

un-stabilized soils, with the following additions: 

 

1. The Geotechnical Engineering Unit of the Department can provide assistance in 

the stabilization operation and should be consulted prior to beginning the 

operation. 

2. A moisture-density curve must be established at the beginning of the first day of 

operation.  The sample for performing the curve must be taken after the cement or 

lime has been mixed in the soil but before water is added.  A new moisture-

density curve is to be established when a significant change in the soil occurs or 

upon recommendation by the Engineer.  The moisture-density curve should be 

made available to the Geotechnical Engineer in the field to verify if any 

adjustment in the moisture content is needed.  Once the Contractor is ready for a 
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density test in the stabilized section, perform a Test 1 (long test) in the area where 

the sample was obtained for the moisture-density curve.  As required with all 

conventional density testing, 1 out of every 15 tests must be a Test 1 (long test) 

with a moisture-density curve.   

3. Test 1-A (short test) will be performed as outlined in this manual, with the 

following addition:  a 300-gram in-place moisture content sample must be taken 

prior to compaction.  This moisture sample should represent the moisture content 

of the area as the contractor began compacting the soil.  After compaction, a Test 

1-A will be performed at the approximate location where the moisture sample was 

taken.  The moisture content will be documented on the density test report for the 

Test 1-A. 

4. The frequency for density acceptance testing will be based on the number of 

operation(s).  An operation is defined as one tanker load.  One density test will be 

required for each operation for the first 4 operations of a dayôs production.  Once 

the dayôs production surpasses 4 operations but is less than 8 operations, one 

density test per 2 operations will be required.  Once the dayôs production 

surpasses 9 operations, one density test per 3 operations will be required.   

                  For example: 

The Contractor begins the first chemical stabilization operation at 6:30 

a.m. and completes the fourth operation that same day at 1:00 p.m.  Each 

of the first four operations must have a density acceptance test.  The 

Contractor continues production that same day and completes operations 5 

through 8 by 4:30 p.m.  The chemically stabilized area completed between 

1:00 and 4:30 p.m. (operations 5 ï 8) would require a total of two density 

acceptance tests (one test per two operations).  The Contractor continues 

production that same day and completes operations 9 through 12 by 6:30 

p.m.  The chemically stabilized area completed between 4:30 and 6:30 

p.m. (operations 9 ï 12) would require a total of one density acceptance 

test (one test per three operations). 
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Section 3 ï Overview of the Four Field Tests 
 

¶ Density Test 1-A 

 

In this test, the compaction of embankments and subgrades consisting 

primarily of soil in which the moisture content of the soil is not determined for 

each test. 

 

This test is also known as the ñshort testò because of the relatively short time 

required performing this test.  This test uses a volumeter with a water-filled 

balloon to determine both the volume of the soil removed from a roadway test 

hole and the volume of the same soil after being compacted in a standard 

compaction mold.  The soil is compacted in the mold at optimum moisture, 

and therefore will yield the maximum dry density.  Recall that 

 

  Percent compaction = (gin-place) / (gmax) 

 

In term of the unit weight in the ñholeò and the unit weight in the ñmoldò, we 

have 

 

  Percent compaction = (ghole) / (gmold) 

 

Since the soil that was taken out of the hole is the same soil compacted in the 

mold, we can express percent compaction in terms of volume as follows: 

 

  Percent compaction = (Vmold) / (Vhole) 

 

Where Vmold and Vhole are the volume occupied by the soil in the mold and 

hole, respectively.  Because no unit weights are calculated, it is not required to 

determine the moisture content of the soil. 

 

Test 1A is intended for use on embankments and subgrades that are 

predominately soil, that is, with little or no rock or aggregate.  When more 

than 1/3 of the soil (by weight) consists of aggregate larger than 

approximately ¼ inch in size, performance of the test may be difficult and the 

accuracy questionable.  In this situation, it will be necessary to use Density 

Test 2, which is designed for soil-aggregate mixtures.   
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¶ Density Test 1 

 

In this test, the compaction of embankments and subgrades consisting 

primarily of soil in which the moisture content of the soil is determined for 

each test. 
 

This test is also known as the ñlong testò because of the longer amount of time 

(that is, compared to the ñshort testò) required to perform this test.   

This test uses a volumeter with a water-filled balloon to determine the volume 

of soil removed from a roadway test hole.  Then the weight of the dry soil 

removed from the hole is determined by weighing the wet soil and then 

determining the moisture content.  Using the volume of the hole and the dry 

unit weight, the in-place dry density (gin-place) can be calculated. 

 

A separate soil sample is compacted in a standard mold at the optimum 

moisture.  The volume occupied by the wet soil in the mold is determined 

using the volumeter, and then the moisture content determined.  The 

maximum dry density (gmax) can be calculated.  Then, we have 
 

  Percent compaction = (gin-place) / (gmax) 
 

Test 1 is intended for use on embankments and subgrades that are 

predominately soil, that is, with little or no rock or aggregate.  When more 

than 1/3 of the soil (by weight) consists of aggregate larger than 

approximately ¼ inch in size, performance of the test may be difficult and the 

accuracy questionable.  In this situation, it will be necessary to use Density 

Test 2, which is designed for soil-aggregate mixtures. 

 

¶ Density Test 2 

 

In this test, the compaction of embankments and subgrades consisting of a 

soil-aggregate mixture, (i.e. when more than 1/3 of the soil (by weight) 

consists of aggregate larger than approximately ¼ inch in size) is determined. 

Soil -aggregate mixtures may be soils naturally containing aggregate or soils 

stabilized by mechanically adding and mixing aggregate material. 

 

Test 2 is similar to Test 1 in the sense that percent compaction is calculated as 

follows: 
 

  Percent compaction = (gin-place) / (gmax) 
 

However, the in-place density of the soil-aggregate mixture is measured using 

a calibrated steel ring instead of a volumeter.  The maximum dry density of 

soil-aggregate mixtures is determined by AASHTO T 99 Method C or Method 

D, as modified by the Department.  Detailed steps for these procedures are 

given in Section 7.  If a significant amount of aggregate larger than 2 inches is 

encountered, the accuracy of Test 2 may be questionable. 
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¶ Density Test 3 

 

Test 3 is used to determine the compaction of Aggregate Base Course (ABC), 

that consist of a mixture of coarse and fine aggregate, with very little soil.   

 

Again, as in Test 1 and Test 2, percent compaction is calculated as follows: 

 

  Percent compaction = (gin-place) / (gmax) 

 

 

The GeoMaterials Laboratory will provide the value of the dry AASHTO T 

180 density (maximum dry density or Unit Weight).  The Unit Weight of the 

ABC can be obtained on the Materials and Tests website or by calling the 

GeoMaterials Laboratory (919) 329-4150. Only the in-place density of the 

material will be determined in the field, and this is accomplished using a 

calibrated steel ring.  Details of the procedure for determining the in-place 

density is given in Section 8 of this manual. 
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Section 4 ï Determination of Optimum Moisture  
 

Standard Moisture-Density Curve ï AASHTO T 99 

 

It was previously mentioned that, for a fixed amount of energy applied during the 

compaction process, there is a correlation between the maximum density to which a soil 

can be compacted and the moisture content of the soil during compaction (compaction 

water content).  

 

A standard test has been devised which makes it possible to determine in the laboratory 

the moisture content that will give maximum density with a given amount of energy.  In 

this test the soil is compacted at a number of different moisture contents (usually in 

increments of two percent), ranging from dry to wet.  The fixed amount of energy 

according to AASHTO T 99 is applied (25 blows, 12-inch vertical drop using a 5.5-lb 

hammer), and the dry density and compaction moisture content are determined in each 

case.  The dry densities are plotted against the corresponding compaction moisture 

contents and a smooth curve is drawn throughout the data points.  A minimum of four 

data points is required for this test.  In general, as the moisture content is increased from 

the dry side, this curve rises to a maximum density and then declines.  The highest point 

on the curve indicates the ñMaximum Dry Densityò for the soil tested.  It is sometimes 

referred to as the ñStandard AASHTO Densityò.  The moisture content corresponding to 

this maximum density is called the ñOptimum Moisture Contentò.   

 

Equipment Needed 

 

The following equipment is necessary for performing AASHTO T 99. 

 

 3-inch auger 

 Large Spoon 

 50-pound weight 

 Graduated cylinder (with graduations in milliliters) 

 Soil Pan 

 Pie plate (9ò x 1 İò) 

 Scales (with a 2,000-gram weight)  

 Frying pan 

 Steel straight edge 

 Compaction mold (1/30 ft3.) 

 Sample extractor 

 Compaction rammer (5 ½ pounds, 12-inch drop) 

 Gas burner (with lighter) 

 Square shovel 
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Step-by-step Procedure for Performing AASHTO T 99 

 

1. Level the electronic scale. 

2. Verify that the 2,000-gram weight reads as 2,000 grams on the scale, with a +/- 1- 

gram tolerance. 

3. Weigh the empty mold and record. 

4. Obtain enough soil to fill the soil pan to 2/3 full (when performing this test in 

conjunction with Test 1, obtain soil from the test hole). 

5. Break up and pulverize the soil. 

6. Dry or add water to the soil as necessary and mix for uniform water content.  Repeat 

step 5-6 until water content is judged to be at an appropriate starting point (about 5% 

dry of optimum). 

7. Weigh and set-aside 4,000 grams from the soil in the soil pan.  This is the soil that 

will be used for the test.  Discard the rest of the soil in the soil pan. 

 

Steps 8 to 21 will be performed 4 times.  Each obtained value of dry density and moisture 

content will be plotted, resulting in the materialôs moisture-density curve. 

8. Place a first layer in the mold. 

9. Apply compactive effort (25 blows, 12-inch drop). 

10. Place a second layer in the mold and apply compactive effort. 

11. Place a third layer in the mold and apply compactive effort. 

12. Scribe around the top (third) layer and then remove the mold collar. 

13. The top of the third layer must be ¼ to ½ inches above the top of the mold. 

14. Scrape off the excess soil with the straight edge until the surface is flush with the top 

of the mold.  Fill in exposed voids with fine material. 

15. Weigh the mold with the soil and record the weight. 

16. Extract the soil pill with the sample extractor. 

17. Using the straight edge, split the soil pill down the middle lengthwise.  

18. Obtain 300 grams of soil from the scrapings.  This is the sample for determining the 

soilôs moisture content. 

19. Dry the soil.  When using a burner, be sure not to overheat the soil. 

20. Weigh the dry soil and record. 

21. Add 2% water per weight of the soil remaining in the soil pan. 

NOTE: If the test is begun with exactly 4,000 grams of soil and for each ñpointò a 

300-gram moisture sample is removed, the amount of water to be added are as 

follows: 1st point ï none; 2nd point ï 80 ml; 3rd point ï 75 ml; 4th point ï 70 ml.  

These amounts account for 5 to 10 ml of water lost due to evaporation. 

22. Record all data on M&T Form 506 and plot the moisture-density curve. 

 

Using the ñSqueezeò Method 

 

The ñSqueezeò method is a ñshort cutò approach for determining the optimum moisture 

of a soil mass and can be performed with reasonable accuracy by an experienced 

technician.  This method is not applicable to all types of soils but works well when the 

soil has a significant fraction of cohesive particles (i.e., clay or some silts). 
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Prior to performing this test on a soil mass, all lumps or clods should be pulverized or 

broken down as recommended by AASHTO Method T 99.  The soil mass should be 

thoroughly mixed until the moisture is uniform.  A handful of loose soil is taken in one 

hand and firmly squeezed into an elongated mass.  The squeezing should be fairly firm 

and yet not with all oneôs strength (i.e., not a bone crushing grip). 

The soil mass is close to or at optimum moisture if the following are true: 

 

1) The soil mass exhibits cohesion - Release the soil from the hand after squeezing. 

If the soil mass does not break apart, it is an indication that the soil is at or above 

ñoptimumò.   If the soil mass breaks apart upon releasing the pressure applied, 

then a small amount of water should be added and thoroughly mixed with the soil 

until the elongated soil mass will remains intact after release. 

 

2) The soil mass exhibits cohesion under stress - The elongated mass of soil is tossed 

3 or 4 inches into the air using the open palm of one hand.  This is repeated two or 

three times.  If the soil mass does not break apart, it is an indication that the soil is 

at or above ñoptimumò. If the soil mass breaks apart as it is tossed, then a small 

amount of water should be added and thoroughly mixed with the soil until the 

elongated soil mass will remain during tossing.   

 

3) There is ñcoolness of the palmò - When the soil mass is wet or moist enough to 

stick together, note a sensation on your palm.  If the soil is at optimum, you 

should be able to feel a coolness on your palm as the film of moisture evaporates.   

 

Note that the above observations are true even if the moisture content of the soil mass is 

above optimum.  If it is above optimum, the following additional observation can be 

made: A very noticeable film of moisture will appear on the hand, and part of the soil 

grains (excluding clay and silt particles) will adhere to the hand.  In this case, the soil is 

above optimum moisture, and it must be dried back slowly until ñoptimumò is reached.  

This will be done by air drying or very low heat (140̄F maximum). 

 

Using the ñPenny Printò Method 

 

After determining the optimum moisture as outlined above, it can be checked by 

observing the print and depth of the rammer in the soil while compacting it in the 

AASHTO mold.  When the first layer of soil is placed in the mold and after the 24th blow 

of the rammer has been struck, place the 25th blow in the center of the mold.  Be sure 

before making the 25th blow that the face of the rammer is free from clinging soil 

particles and held in as nearly vertical position as possible before being dropped.  

Observe the print of the rammer in the compacted layer.  If the soil is at optimum 

moisture, a full print of the rammer will be observed and the depth of penetration should 

be about 1/16 inch in depth (approximately the thickness of a penny).  If a full print of the 

rammer cannot be observed, the soil is too dry.  If the rammer penetration exceeds 1/16 

inch, the soil is too moist. 
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Figure 1 Example of Moisture-Density Curve AASHTO T-99 (English units) 
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Figure 2 Example of Moisture-Density Curve AASHTO T-99 (metric units) 
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Section 5 ï Density Test 1-A 
 

Also referred to as the ñshort testò, Test 1-A does not require weighing and drying steps, 

thereby reducing the possibility of error. 

 

Equipment Needed 

 

The following equipment is necessary for performing of Density Test 1-A. 

 

 *Volumeter 

 3-inch auger 

 Large spoon 

 50-pound weight 

 50-pound saddle weight for volumeter 

 Soil pan  

 Steel Straight edge 

 Small Spatula 

 Compaction mold (1/30 cubic foot) 

 Sample extractor 

 Compaction rammer (5 ½ pounds, 12-inch drop) 

 Square tip shovel 

 Water Container (i.e. small squirt bottle or graduated cylinder)  

 Water 
 

*Base of Volumeter must fi t into collar of 1/30 cubic foot mold.  If it does not, the bottom needs to be 

turned down 1/32 of an inch. 

 

Determining the In-place Volume 

 

All loose soil is removed from the surface of the layer and an area of about 15-inches 

square is brought to a smooth flat and approximately level surface by scraping with the 

steel straight edge, shovel or other suitable instrument. 

 

The volumeter is placed on the smoothed surface of the soil and its position carefully 

marked by tracing the outside edge of its base.  The 50-pound saddle weight is placed on 

top of the volumeter.  Pressure of 4-psi is applied to the volumeter, a reading is taken and 

recorded (this is the actual reading on the volumeter scale before the soil is removed from 

the hole).  The volumeter is removed and a hole about four inches in diameter and six 

inches deep is made in the middle of the circle inscribing the volumeter base.  The soil 

taken from the hole is placed in a pan for later placement in the compaction mold.  It is, 

of course, important that all of the soil removed from the hole be placed in the pan.  The 

volumeter is then placed over the hole at the exact location where the initial reading was 

taken.  The saddle, 50-pound weight and 4-psi air pressure are applied in the same 

manner as for the initial reading to determine a second reading.  The difference between 

the two readings is the volume of the hole in cubic feet.  This is also the ñin-place 

volumeò of the sample.  In order to obtain the desired accuracy, the volume of the test 

hole must be between 0.03200 and 0.03500 cubic feet. 
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Determining the ñCompacted Volumeò 
 

An initial volume reading of the empty compaction mold with collar attached is 

determined by averaging three readings of the volumeter using the procedures mentioned 

earlier.  This initial volume reading will remain the same as long as the same volumeter 

and mold are used and the water level in the volumeter remains the same.  If any of these 

are changed, a new initial volume reading must be taken.   
 

The soil taken earlier from the roadway test hole is needed to obtain the ñcompacted 

volumeò of the soil in the compaction mold.  This soil shall be broken up to the extent 

that the largest clod (not aggregate) should not exceed ¼-inch in size as determined by 

visual inspection.  Any aggregate present in the sample shall be mixed uniformly with the 

soil and not thrown out.  The optimum moisture of the soil is then estimated using the 

ñsqueezeò technique.  If the soil appears too wet, it must be dried to approximately 

optimum moisture.  If too dry, water must be mixed with it uniformly until approximate 

optimum moisture is reached.  (See Section 4 - Determination of Optimum Moisture).  

The prepared soil is divided into approximately three equal parts and compacted in the 

mold.  The compaction is done with the 5-½ pound rammer.  Twenty-five (25) drops of 

the rammer from a 12-inch height are applied to each of the three equal layers.  The mold 

shall be placed on the 50-pound weight or on pavement or similar rigid base while 

compacting.  After the three layers of soil have been compacted, a second volumeter 

reading is taken of the compaction mold with the collar still attached.  The difference 

between this reading and the reading of the empty mold and collar taken earlier is the 

ñcompacted volumeò of the soil in cubic feet.  The percentage compaction is simply 

calculated by this formula: 
 

 Percent Compaction = Compacted Volume   x   100 

     In-place Volume   
 

Or, as earlier expressed in terms of the ñholeò and the ñmoldò, 
 

 Percent compaction = (Vmold) / (Vhole)  
 

Step-by-step Procedure for Performing Test 1-A 
 

NOTE: All volumeter readings require 4-psi water pressure; use M&T Form 504 to 

record your results. 
 

1. Take empty mold and collar reading, applying 4-psi to the volumeter water balloon. 

2. Prepare a test site by smoothing the surface (remove soil to get below sheepsfoot 

indentions or crust if surface has dried out). 

3. Level the plate on the test site. 

4. Scribe around the edges of the plate, marking the volumeter valve location. 

5. Take the first (or ñflatò) reading. 

6. Dig the test hole, starting off with a spoon and continuing with an auger.  Soil should 

be collected on the soil pan 

7. When hole is finished, remove loose soil particles from the hole and the plate and 

include them with the soil collected in step 6. 
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8. Check for sharp edges in the hole.  If there are sharp edges, move to another location 

and repeat steps 1-8. 

9. Take a second reading with the volumeter, positioning the valve at the marked 

location.  The difference is the volume of the hole occupied by the removed soil. 

10. If the difference between the second and the first reading is such that the volume of 

the hole is less than 0.03200 ft3, the hole is too small.  Remove additional soil and 

repeat steps 8-10. 

11. If the difference between the second and the first reading is such that the volume of 

the hole is greater than 0.03500 ft3, the hole is too large.  Move to a different location 

and start over. 

12. Clean off excess soil from the auger and spoon and include them with the soil in the 

soil pan. 

13. Mix the soil until it has uniform water content. 

14. Check for optimum moisture using the ñsqueezeò method. 

15. Dry or add water to the soil as necessary and mix for uniform water content.  Repeat 

step 14-15 until optimum water content is obtained. 

16. Move the soil to one side of the pan and divide into three equal layers. 

17. Place the first layer in the mold, taking care not to lose any material (place the mold 

in the soil pan). 

18. Apply compactive effort; apply the 25th blow in the center and check for the ñpenny 

print.ò 

19. Place the second layer in the mold, including any rocks that were removed from the 

hole (break up rocks ½ inch or larger; do not pulverize).  Apply compactive effort. 

20. After compacting the second layer, place all the remaining soil in the mold and apply 

compactive effort.  On the 18th blow, scrape any soil sticking to the rammer and from 

the inside wall of the mold above the soil layer. 

21. Take a second reading on the mold using the volumeter. 

22. The difference between the reading taken in step 5 and step 21 is the volume 

occupied by the soil in the mold. 

23. Percent compaction = (volume obtained in step 22) / (volume obtained in step 9) 
 

Sources of Error for Test 1-A 
 

1. Density hole too small or too big for accurate results. 

2. Failure to keep volumeter in good working condition. 

3. Operator not understanding the significance of Optimum Moisture and Maximum 

Density 

4. Failure to remove all loose material in hole. 

5. Dropping rammer more than 12 inches. 

6. Applying more or less than 25 blows to layer of soil. 

7. Test performed on ñcrustò of layer. 

8. Spilling soil removed from hole.  All soil MUST be compacted in mold. 

9. Do Not divide in-place volume by compacted volume. 

        NOTE:  Correct method is as follows: 
 

   Percent Compaction = Compacted Volume       x       100  

         In-Place Volume 
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Figure 3 Example of Test 1-A ñShort Testò (English units) 
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Figure 4 Example of Test 1-A ñShort Testò (metric units) 
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Section 6 ï Density Test 1 
 

Also referred to as the ñlong testò, Test 1 calculates percent compaction using values of 

unit weights and requires weighing and drying steps.  The proper steps should be 

followed to reduce the possibility of error. 

 

Equipment Needed 

 

The following equipment is necessary for performing Density Test 1. 
 

 Volumeter 

 3-inch auger 

 Large Spoon 

 50-pound weight 

 50-pound saddle weight for volumeter 

 Soil Pan 

 Pie plate (9ò x 1 İò) 

 Scales (with 2,000-gram weight) 

 Small Spatula  

 Frying pan 

 Steel straight edge 

 Compaction mold (1/30 ft3) 

 Sample extractor 

 Compaction rammer (5 ½ pounds, 12-inch drop) 

 Water container (i.e. small squirt bottle or graduated cylinder) 

 Water 

Gas burner (with lighter) 

 Square tip shovel 

 

 

Determining the In-place Dry Density 

 

All loose soil is removed from the surface of the layer and an area about 15 inches square 

is brought to a smooth, flat and approximately level surface by scraping with a steel 

straight edge or other suitable instrument. 

 

The volumeter is placed on the smoothed surface of the soil, and a 50-pound saddle 

weight is placed on top of the volumeter.   Air is applied to a pressure of 4-p.s.i. and an 

initial reading is taken. (This is the actual reading on the volumeter scale before the soil is 

removed).  A mark is made on the soil surface tracing the outside of the volumeter base 

so that it may be placed in the same place after removal of soil. 

 

A hole is made in the center of the circle on the volumeter base approximately four 

inches in diameter and six inches deep.  The soil is removed and placed in a container for 

weighing and for determination of moisture content.  It is, of course, important that all of 

the soil that is removed from the hole be placed in the container. 
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The volumeter is placed over the hole in the same position as when the initial reading was 

taken, and the volume of the hole measured.  The 50-pound saddle weight and the 4-p.s.i. 

air pressure shall be applied in the same manner as described for determining the initial 

reading.  The difference between the second reading and the first reading is the volume of 

the hole in cubic feet.  In order to obtain the desired accuracy, the volume of the test hole 

should not be less than 0.02750 cubic feet. 

 

The soil that was removed from the hole is weighed and its moisture content determined 

by drying a sample weighing 300-grams.  Care must be exercised in drying the sample to 

avoid overheating.  Overheating a soil sample may affect the moisture content.  To 

prevent overheating, the soil shall be dried over a low flame and shall be frequently 

stirred.  The sample shall be removed from the flame immediately when it appears to be 

dry.  The dry weight of the soil removed from the hole can then be determined.  And, 

knowing the volume occupied by the soil, as measured with volumeter, the in-place 

density in pounds per cubic feet of the compacted soil can be calculated.   

 

The in-place density of the soil is calculated by use of the following formula: 

 

Wet Density (lb./cu. ft.) = Wet Wt. of Soil (grams) 

             453.6 x Vol. of Hole 

 

Moisture Content = (Wet Wt. - Dry Wt.) x 100 = % Moisture 

                                Dry Wt. 

 

Dry Density (lb./cu. ft.) = (        Wet Density               ) x 100 

                  ( 100 + Moisture Content    ) 

 

Determining the Maximum Dry Density  

 

The expression ñAASHTO Method T 99ò refers to the description of a testing procedure, 

adopted as a standard by the American Association of State Highway and Transportation 

Officials, for compacting a sample of soil to determine its maximum dry density. The 

moisture content at which this maximum dry density is obtained is referred to as the 

ñoptimum moisture contentò of the soil.  This maximum dry density is also referred to as 

the ñAASHTO Densityò. All references to AASHTO T 99 in these procedures are to the 

test method adopted by AASHTO in 1993 (designated as AASHTO T 99-93).  The use of 

a tapered mold is recommended.   

 

The test procedure outlined below is a modification of the AASHTO Test Method T 99 

for field use in that the soil is compacted at a moisture content estimated to be the 

optimum for that soil.  As previously mentioned, an experienced operator using the 

ñsqueezeò method, can determine the optimum moisture of a soil within +/- 2.0 %, which 

is within the variation acceptable in practice.  In order to simplify the compaction test 

procedure for field use, the standard procedure is revised to eliminate the necessity of 

running the entire moisture-density curve.  See Section 4, ñDetermination of Optimum 

Moistureò. 
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Modified Moisture-Density Test 

 

The soil used in determining the in-place density is also used in performing the 

compaction test.  The portion of soil used in determining the moisture content of the soil 

is discarded and if more soil is needed it may be obtained from the sides of the hole 

uniformly from top to bottom.  Approximately four to five pounds of soil are sufficient 

for completing the test. 

 

The soil should be mixed and kneaded until the largest clod (not aggregate) does not 

exceed approximately ¼-inch in size as determined by visual inspection.  Any aggregate 

present in the soil should be mixed uniformly and used in both the moisture and 

AASHTO Density Determination (break up rock ½ inch or larger; do not pulverize).  The 

mass of soil is now examined visually for the correct moisture content.  If it appears too 

wet, the soil is dried to approximately optimum as determined by visual inspection.  If it 

appears too dry, water is mixed with it uniformly until estimated optimum moisture is 

obtained. 

 

The prepared soil is divided into three parts and compacted in the mold in three 

approximately equal layers.  The exact amount of soil in each part should be such that 

when compacted, all three parts will fill the mold (excluding the collar) to a point not to 

exceed ½ inches above the top, which is then struck off with the steel straight edge. 

 

The compaction is performed with a compaction rammer weighing 5-½ pounds with a 

12-inch drop.  Twenty-five blows of the rammer are applied to each of the three layers.  

The mold shall be placed on a 50-pound weight, pavement or on a similar rigid base 

while compacting.  After the compacted soil is struck off with the steel straight edge, it 

shall be extracted from the mold, weighed and split to obtain 300 grams or more of soil in 

order to determine the moisture content.  The same precautions should be observed in 

drying the sample as pointed out previously in this procedure.  The constant 453.6 is a 

conversion factor that converts grams to pounds.  All weights recorded during the test 

procedure are in grams, but the final answer is recorded in pounds; therefore, the wet 

weight of the soil is divided by 453.6 to convert the units from grams to pounds (453.6 

grams = 1 pound).  The weight and moisture content are determined and the dry density 

is calculated by use of the following formulas: 

 

Wet Density (lb. / cu. ft.) =   Wt. of Wet Soil in grams x 30            

                  453.6 

 

Moisture Content = Wet Weight - Dry Weight    x   100 

            Dry Weight 

 

Dry Density (lb. / cu. ft.)  = (             Wet Density        )   x   100 

    ( 100 + Moisture Content ) 

 

Compaction (%) =         (Dry Density of Soil In-Place) x  100 

         (Dry Density of Soil Compacted in Mold)  
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The constant 30 comes from the fact that, in computing the wet density we use a 1/30 

cubic foot mold.  The weight of material in the mold is multiplied by a factor of 30 which 

is the reciprocal of 1/30. 

 

Step-by-step Procedure for Performing Test 1 
 

NOTE: All volumeter readings require 4-psi water pressure; use M&T Form 504 to 

record your results. 
 

1.  Level the electronic scale. 

2. Verify that the 2,000-gram weight reads as 2,000 grams on the scale, with a °1 - gram 

tolerance. 

3. Weigh the empty mold and record. 

4. Prepare a test site by smoothing the surface (remove soil to get below sheepsfoot 

indentions or crust if surface has dried out). 

5. Level the plate on the test site. 

6. Scribe around the edges of the plate, marking the volumeter valve location. 

7. Take the first or ñflatò reading. 

8. Dig the test hole, starting off with a spoon and continue with an auger.  Soil should be 

collected on the soil pan. 

9. When hole is finished, remove loose soil particles from the hole and the plate and 

include them with the soil collected in step 8. 

10. Check for sharp edges in the hole.  If there are sharp edges, move to another location 

and repeat steps 1-9. 

11. Take a second reading with the volumeter, positioning the valve at the marked 

location.  The difference is the volume of the hole occupied by the removed soil. 

12. If the difference between the second and the first reading is such that the volume of 

the hole is less than 0.02750 ft3, the hole is too small.  Remove additional soil and 

repeat steps 10 - 11. 

13. Clean off excess soil from the auger and spoon and include them with the soil in the 

soil pan. 

14. Place all soil in the pie plate.  Record the weight of the soil. 

15. Place the soil back in the soil pan and mix the soil until it has uniform water content. 

16. Obtain 300 grams of soil.  This is the sample for determining the in-place moisture 

content. 

17. Dry the soil.  When using a burner, be sure not to overheat the soil. 

18. Weigh the dry soil and record. 

19. Remove additional soil from the hole and place in the soil pan. 

20. Break up and pulverize the soil. 

21. Check for optimum moisture using the ñsqueezeò method. 

22. Dry or add water to the soil as necessary and mix for uniform water content.  Repeat 

until optimum moisture content is obtained. 

23. Place a first layer in the mold. 

24. Apply compactive effort; apply the 25th blow in the center and check for the ñpenny 

print.ò 

25. Place a second layer in the mold and apply compactive effort. 

26. Place a third layer in the mold and apply compactive effort. 
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27. Scribe around the top (third) layer and then remove the mold collar. 

28. The top of the third layer must be ¼ to ½ inches above the top of the mold. 

29. Scrape off the excess soil with the straight edge until the surface is flush with the top 

of the mold. 

30. Weigh the mold with soil and record the weight. 

31. Extract soil pill with the sample extractor. 

32. Using the straight edge, split the soil pill down the middle lengthwise.  

33. Obtain 300 grams of soil from the center of pill by scraping from top to bottom.  This 

is the sample for determining the soilôs estimated optimum moisture content (as 

judged by density technician). 

34. Dry the soil.  When using a burner, be sure not to overheat the soil. 

35. Weigh the dry soil and record. 

36. Using the data recorded, follow the steps on M&T Form 504 for obtaining percent 

compaction. 

37. Compare Optimum Moisture and Maximum Dry Density of Test 1 to the Optimum 

Moisture and Maximum Dry Density determined by the Moisture Density Curve 

(Tolerances should be within: Optimum Moisture +/- 2.0 %; Maximum Dry Density 

+/- 2.0 pounds per cubic foot) 

 

 

Sources of Error for Test 1 

 

1. Density hole too small for accurate results. 

2. Failure to thoroughly mix soil for moisture test. 

3. Failure to keep volumeter in good working condition. 

4. Cutting off more than ½ inch of soil after AASHTO mold is made. 

5. Operator not understanding the significance of Optimum Moisture and Maximum 
Density. 

6. Failure to remove all loose material in hole. 

7. Dropping rammer more than 12 inches. 

8. Scales not level. 

9. Applying more or less than 25 blows to layer of soil. 

10. Carelessness in removing soil from mold before weighing. 

11. Test performed on ñcrustò of layer. 
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Figure 5 Example of Test 1 ñLong Testò (English units) 
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Figure 6 Example of Test 1 ñLong Testò (metric units) 
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Section 7 ï Density Test 2 
 

Test 2 is used to calculate the degree of compaction of embankments, subgrades or soil 

bases that contain or have been stabilized by an admixture of aggregate material (density 

Tests 1 and 1-A should not be used for this type of material).  The procedure for Test 2 is 

outlined below. 

 

Equipment Needed 

 

The following equipment is necessary for the performance of Density Test 2. 

 

 Calibrated steel ring (18ò outside diameter and 4 İ inches to 9 inches deep) 

 Small pick 

 Scoop 

 Scales (with 2,000-gram weight) 

 Gas burner (with lighter) 

 Frying pan 

 Ruler 

 Straight edge (36 inches long) 

 Large Spoon 

 Bucket (10-quart capacity) 

 Compaction mold (3/40 cubic foot = 0.075 cubic foot volume) 

 Compaction rammer (5 ½-pounds, 12-inch drop) 

 Steel straight edge 

 Hammer 

 Wood block (4x4 hard wood recommended) 

 

Determining the In-place Dry Density 

 

The calibrated steel ring is placed over the area to be tested and the material within the 

ring is carefully loosened with the pick and removed with the scoop.  The material 

removed is placed in the bucket for weighing.  As the material is removed, the ring is 

lowered to the full depth of the layer by placing a wooden block on top of the ring and 

striking it with a hammer.   

 

After all material has been removed, the ring is removed, and the thickness of the layer is 

carefully measured to the nearest one-sixteenth by placing a straight edge across the top 

of the hole and taking five or more measurements along opposing diameters (Refer to 

Diagram 2).   

 

 

 

 

 

 

 

(2) (4) 

(3) 

(1) 

(5) 

Diagram 2 
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From these measurements, the average depth of the hole is determined.  Although the 

steel ring has an outside diameter of 18 inches, which theoretically would occupy a 

volume of 0.147 cubic feet per inch of depth, it has been found that its effective diameter 

is 18.3 inches, and it actually occupies a volume of 0.152 cubic feet per inch of depth.  

The volume in cubic feet occupied by the material is calculated by multiplying the 

average depth of the layer in meter by 0.152.  Average depth of layer x 0.152 = cubic feet 

of material.  The wet density of the layer is calculated by dividing the weight of the 

material removed by its volume. 

 

  Wet Density (lb./cu. ft.) = Wet Wt. of Material (pounds) 

               Volume of Material (cu. ft.) 

 

 

The moisture content of the material is determined by weighing out a minimum of 1,000 

grams of the material and drying it out over the gas burner.  To prevent overheating, the 

soil shall be dried over a low flame and shall be frequently stirred.  The sample shall be 

removed from the flame immediately when it appears to be dry.  The moisture content in 

percentage of the dry material is calculated by the following formula: 

 

Moisture Content = (Wet Wt. - Dry Wt.) x  100 

                Dry Wt. 

 

The dry density of the layer is calculated using the following formula: 

 

Dry Density (lb./cu. ft.)   =   (          Wet Density           )     x  100 

              ( 100 + Moisture Content) 

 

 

Determining the Maximum Dry Density 

 

The expression ñAASHTO Method T 99ò refers to the description of a testing procedure, 

adopted as a standard by the American Association of State Highway and Transportation 

Officials for compacting a sample of soil to determine its dry density.  The method, as 

described, has four alternate procedures that provide for soils with and without coarse 

aggregate, compacted in six-inch and four-inch diameter molds.  The test not only 

determines the greatest density of which the soil may be compacted by the prescribed 

compaction effort but determines the proper moisture content required to obtain this 

maximum density, called the ñOptimum Moistureò content.  This requires that a complete 

moisture density curve be run on the material.  The field compaction test described below 

is a modification of the standard test in that the soil is compacted in the mold only once at 

a moisture content estimated to be optimum.  It has been found that an experienced 

operator using visual inspection can estimate the optimum moisture content. The 

optimum moisture can be estimated within a narrow range, which is within the variation 

acceptable in practice.  In order to simplify the compaction test procedure for field use, 

the standard procedure is revised to eliminate the need of running the entire moisture 

density curve (See Section 4, Determination of Optimum Moisture). 
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A representative portion of the material obtained from the in-place density test is used in 

the field compaction test.  Since the volume of the material obtained from the in-place 

density test is more than is needed for the field compaction test, it must be thoroughly 

mixed and reduced in quantity by quartering.  It is very important that the portion 

selected for the field compaction test contain a representative amount of coarse 

aggregate, as the quantity of this fraction influences the unit weight (density) appreciably.  

About 12 pounds of soil-aggregate will be required for the test.  If the material appears 

wetter than optimum, it should be dried to estimated optimum; if too dry, water should be 

uniformly mixed with the material until the estimated optimum moisture is obtained. 
 

The prepared soil-aggregate is divided in three parts of about four pounds each and 

compacted in the 3/40 cubic foot mold in three approximate equal layers.  The amount of 

soil-aggregate in each part should be such that all three parts will fill the mold, after 

compaction, to a point ¼ to ½ inch above the top of the mold, which is struck off with a 

steel straight edge. 
 

The compaction is done with a rammer that weighs 5-½ pounds and drops 12 inches. 

Each of the three layers is compacted by 56 blows of the rammer with the mold placed on 

a 50-pound weight, pavement, or similar rigid flat base while compacting. 
 

After the compacted soil aggregate is struck off with the steel straight edge, it shall be 

extracted from the mold, weighed and split to obtain 1,000 grams of soil in order to 

determine the moisture content.  The same precautions should be observed in drying the 

sample as pointed out previously in this procedure.  The weight and moisture content are 

determined and the dry unit weight (dry density) and percent compaction are calculated 

by the following formulas: 
 

Wet Density (lb. / cu. ft.) =   Wt. of Wet Soil-Aggregate (grams) x 13.33  

                                                   453.6 
 

Moisture Content =    (Wet Wt. - Dry Wt.)    x   100 

       (Dry Wt.) 
 

Dry Density (lb. / cu. ft.) =    (     Wet Density     )     x   100 

                                                  (100 + Moisture Content) 
 

Compaction % =    (Dry Density of Soil-Aggregate In-Place)      x    100 

      (Dry Density of Compacted Soil-Aggregate) 
 

The constant 13.33 comes from the fact that, in computing the wet density we use a 3/40 

cubic foot mold.  The weight of material in the mold is multiplied by a factor of 13.33 

which is the reciprocal of 3/40 or 40 ·3 = 13.3333. 

 

The constant 453.6 is a conversion factor that converts grams to pounds.  All weights 

recorded during the test procedure are in grams, but the final answer is recorded in 

pounds; therefore, the wet weight of the soil is divided by 453.6 to convert the units from 

grams to pounds (453.6 grams = 1 pound). 

 



 35 

Step-by-step Procedure for Performing Test 2 

 

1. Level the scale. 

2. Verify that the 2,000-gram weight reads as 2,000 grams on the scale, with a  °1 - 

gram tolerance. 

3. Tare the bucket. 

4. Place the sampling ring on the surface of the layer to be tested. 

5. Using the pick loosen the material on the surface within the ring. 

6. Remove the material and place in the bucket.  Repeat steps 5 - 6 until bucket is 2/3rds 

full.  

7. Weigh the material and record. 

8. Dump the material on the ground (but do not discard!) 

9. Lower the ring through the layer by striking the top of the wood block with a 

hammer. 

10. Repeat steps 5 - 9 until the ring rests on the top of the next layer. 

11. Take five measurements of the depth of the hole: one at the center of the hole and at 

four points equally spaced along the edge of the hole (that is, a measuring point is 90 

degrees from an adjacent measuring point).  All measurements will be to the nearest 

16th of an inch.  Calculate the average of the 5 readings ï this will be the ñdepthò of 

the hole used for calculations. 

12. Using a shovel, thoroughly mix the material dumped on the ground. 

13. Quarter down the material and re-mix.  Do this twice (the purpose of quartering is to 

obtain a representative sample). 

14. Obtain a 1,000-gram moisture sample.   This is the sample for determining the in-

place moisture content of the material. 

15. Dry the soil.  When using a burner, ensure soil is not overheated. 

16. Weigh the dry soil and record. 

17. Obtain material from the quartered-down portion, and place in the soil pan until it is 

about 2/3 full. 

18. Check for optimum moisture using the ñsqueezeò method. 

19. Dry or add water to the soil as necessary and mix for uniform moisture content.  

Repeat until optimum moisture is achieved. 

20. Place a first layer in the mold (NOTE: a 3/40 ft3 mold should be used for this test). 

21. Apply compactive effort (NOTE: For this test, apply 56 blows per layer); apply the 

56th blow in the center and check for the ñpenny print.ò 

22. Place a second layer in the mold and apply compactive effort. 

23. Place a third layer in the mold and apply compactive effort. 

24. Scribe around the top (third) layer and then remove the mold collar. 

25. The top of the third layer must be ¼ to ½ inches above the top of the mold. 

26. Scrape off the excess soil with the straight edge until the surface is flush with the top 

of the mold.  Fill in voids with fine material and re-smooth the surface. 

27. Weigh the mold with the soil and record the weight. 

28. Extract the soil pill. 

29. Using the straight edge, split the soil pill down the middle lengthwise.  

30. Obtain 1,000 grams of material by scraping from top to bottom of half the pill.  This 

is the sample for determining the soilôs moisture content. 
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31. Dry the soil.  When using a burner, ensure not to overheat soil. 

32. Weigh the dry soil and record. 

33. Using the data recorded, follow the steps on M&T Form 504 for obtaining percent 

compaction. 

 

Sources of Error for Test 2 

 

1. Failure to take representative sample for making AASHTO mold. 

2. Carelessness in measuring depth of density hole. 

3. Scales not level. 

4. Carelessness in drying soil. 

5. Carelessness in removing soil from mold before weighing. 

6. Applying more or less than 56 blows to layer of material. 

7. Operator not understanding the significance of Optimum Moisture and Maximum 

Density 
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Figure 7 Example of Test 2 (English units) 
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Figure 8 Example of Test 2 (metric units) 


